ELECTRONIC DEVICE, UNIT USING THE SAME, AND SYSTEM 
CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] The present application claims priority from 
Japanese Application No. P2000-157098 filed May 26, 2000, the 
disclosure of which is hereby incorporated by reference 
herein . 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to electronic devices 
suitable for being used as, for example, devices which are 
removably provided with respect to a main unit in order to 
perform arbitrary functions, and to units using the same. 
More particularly, the present invention relates to an 
electronic device which has an equivalent shape to a memory 
card or a similar semiconductor memory and which is connected 
to a connecting section of a main unit in order to perform 
arbitrary functions, and to a unit using the same. 
[0003] An electronic device is available which, for 
example, has an equivalent shape to a memory card which is 
removably provided with respect to a main unit or to a similar 
semiconductor memory. The electronic device is connected to a 
memory connecting section of the main unit in order to perform 
arbitrary functions. Specifically, such an electronic device 
adds on a connecting function for a computer network or a 
function of communicating with an external unit. In this way, 
the electronic device easily enhances the operation and 
application of the main unit. 

[0004] Concerning such an electronic device, current 
consumption in executing a function greatly varies according 
to the type of function provided in the electronic device. 
Specifically, for example, when executing the above-described 
connecting function for a computer network or the function of 
communicating with an external unit, it requires a several- 
fold increase of current consumption compared with that 
required in executing a conventional memory function. When 



the electronic device which requires such a high current 
consumption is inserted into a main unit which is dedicated 
for electronic devices having the conventional memory 
function, an internal battery may be exhausted due to the 
excessive flow of current, or the function cannot be performed 
due to a decrease in the supply voltage. In the worst case, 
the main unit may be damaged. 

[0005] In order to prevent these problems, the shape of the 
connecting section between the electronic device and the main 
unit is made different from that in which the electronic 
device is dedicated for the memory function. In this way, an 
electronic device having a different current consumption is 
not inserted into the main unit. However, such measures 
require a difficult process of reshaping the connecting 
section. When an electronic device having yet a larger 
current consumption is manufactured in the future, it will be 
necessary to again make the form of the connecting section 
different. In short, these measures do not lead to a 
fundamental solution . 

[0006] The problems with the conventional electronic device 
and the main unit include the exhaustion of an internal 
battery in a short period of time due to the excessive flow of 
current when an electronic device having a different current 
consumption is inserted into the main unit and is used. A 
function may be disabled due to a reduction in the supply 
voltage, and, in the worst case, the main unit may be damaged. 
These problems cannot be solved by simply reshaping the 
connecting section in accordance with current consumption. 
SUMMARY OF THE INVENTION 

[0007] Accordingly, it is an object of the present 
invention to provide an electronic device provided with a 
register in which a necessary current consumption value for 
the electronic device is written so that a main unit reads the 
value in the register and supplies current to the electronic 
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device in accordance with the read value. This enables the 
main unit to always supply current having a necessary current 
consumption value to the electronic device. A desired 
function provided in the electronic device is smoothly 
executed. Even when current consumption further increases, it 
is still possible to perform appropriate processing. 
[0008] According to an aspect of the present invention, the 
foregoing objects are achieved through provision of an 
electronic device for performing an arbitrary function, the 
electronic device being removably connectable to a main unit 
for exchanging data with the main unit. The electronic device 
includes a register in which a current value of internally- 
consumed current is written. The electronic device is adapted 
to output the current value from the register to the main unit 
and to receive a driving current having the current value from 
the main unit. 

[0009] In accordance with another aspect of the present 
invention, the foregoing objects are achieved through 
provision of a unit having an electronic device removably 
connectable thereto for exchanging data with the electronic 
device and for causing an arbitrary function of the electronic 
device to be executed. The unit includes a first reader 
operable to read from a register in the electronic device a 
current value of current consumed in the electronic device. A 
supply unit is operable to supply a driving current to the 
electronic device based on the current value read from the 
register. 

[0010] According to the present invention, it is possible 
to always supply current having a necessary current 
consumption value to an electronic device, and hence a desired 
function provided in the electronic device can be smoothly 
performed. Even when current consumption increases, it is 
still possible to perform appropriate processing. Supply of a 
driving current and execution of a function are smoothly 



performed. Even when an electronic device is inserted into a 
main unit dedicated for electronic devices which only have a 
memory function in accordance with conventional 
specifications, unnecessary current does not flow. 
Accordingly, it is possible to prevent the consumption of an 
internal battery of the main unit in a short period of time 
due to the excessive flow of current, to prevent a function 
from being disabled due to a reduction in the supply voltage, 
and to prevent damage to the main unit, which may result in 
the worst case. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Fig. 1 is a block diagram of an electronic device 
and a main unit according to embodiments of the present 
invention; 

[0012] Fig. 2 is an external view of the electronic device 
of the embodiment; 

[0013] Fig. 3 is a table describing the electronic device; 
[0014] Fig. 4 is a flowchart showing the operation of the 
main unit and the electronic device; 

[0015] Figs. 5A to 5C are tables describing the electronic 
device; 

[0016] Fig. 6 is a table describing the electronic device; 
and 

[0017] Fig. 7 is another flowchart showing the operation of 
the main unit and the electronic device. 
DETAILED DESCRIPTION 

[0018] The present invention will become apparent from the 
following description of the preferred embodiments with 
reference to the accompanying drawings. 

[0019] Fig. 1 is a block diagram showing an electronic 
device according to an embodiment of the present invention and 
a main unit according to another embodiment of the present 
invention for using the electronic device. Referring to Fig. 
1, a main unit 100 is illustrated at the left of the block 



diagram. The main unit 100 uses an electronic device 200. 
The main unit 100 includes a memory file manager 10 for 
inputting and outputting data files stored in a main memory 
(not shown) or the like. Data in the memory file manager 10 
is exchanged with a first serial interface 12 through a memory 
communication protocol circuit 11. An add-on driver 13 for 
executing an arbitrary extended function is provided. Data in 
the add-on driver 13 is exchanged with the first serial 
interface 12 through an add-on communication protocol circuit 
14. 

[0020] Input/output terminals of the first serial interface 
12 are connected to predetermined contacts of a connecting 
section, respectively. Power supply voltages VCC and VSS from 
a power supply 15 are connected to predetermined contacts of 
the connecting section. In other words, the connecting 
section is provided with, for example, ten contacts 101 to 
110. From among the contacts 101 to 110, the power VSS is 
supplied to the contact 101, and the power VCC is supplied to 
the contact 102. A serial data clock (SCLK) from the first 
serial interface 12 is supplied to the contact 103. 
[0021] Add-on serial data input/output (SDIO) from the 
first serial interface 12 is supplied to the contact 104. A 
terminal INS for detecting whether the electronic device 200 
is connected is connected to the contact 105. The contact 106 
is unused. Memory serial data input/output (SDIO) from the 
first serial interface 12- is supplied to the contact 107. The 
power VCC is supplied to the contact 108. A bus status output 
(BS) from the first serial interface 12 is supplied to the 
contact 109. The power VSS is supplied to the contact 110. 
[0022] The electronic device 200 is illustrated at the 
right side of the block diagram. The electronic device 200 
has an equivalent shape to a so-called memory card or a 
semiconductor memory similar to the memory card. The 
electronic device 200 is removably provided with respect to 
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the main unit 100. The electronic device 200 is electrically 
connected to the contacts 101 to 110 of the main unit 100 
through a contact group 201 provided at the end of the 
electronic device 200. Thus, power can be supplied from the 
main unit 100 to the electronic device 200, and data can be 
exchanged between the main unit 100 and the electronic device 
200. 

[0023] Specifically, referring back to Fig. 1, data is 
exchanged between a second serial interface 20 provided in the 
electronic device 200 and the first serial interface 12 
provided in the main unit 100. In addition, the second serial 
interface 20 exchanges data with a register 21 and a page 
buffer 22. An add-on interface 23 is connected to the page 
buffer 22, thereby exchanging data for executing a connecting 
function for a computer network (local area network (LAN)) or 
a communication function with an external unit. 

[0024] A memory interface 24 is connected to the page 
buffer 22, thereby exchanging data for writing to and reading 
from, for example, a flash memory 25. Part of the page buffer 
22 is provided with an error correcting code (ECC) circuit 22e 
for adding an ECC to data written in the flash memory 25. An 
ECC generated by the ECC circuit 22e is supplied to the memory 
interface 24, and the ECC and the data are written in the 
flash memory 25 . 

[0025] The electronic device 200 includes an attribute 
memory (ROM) 26. In the attribute memory 26, a version number 
of the electronic device 200 and default setting are stored. 
When the electronic device 200 is inserted into the main unit 
100, the version number stored in the attribute memory 26 is 
read by the main unit 100. A command in accordance with the 
version number obtained by the main unit 100 initializes the 
electronic device 200. Accordingly, for example, a current 
consumption value in the electronic device 200 is written in a 
predetermined area of the register 21. 



[0026] Referring to Fig. 3, the register 21 includes a 
plurality of addresses. Each address includes, for example, 
an 8-bit read area and an 8-bit write area. For example, a 
read area at an address "03" (where " — " represents a 
hexadecimal value) is an area for writing a current value. 
For example, the current value is written using values "00" to 
"FF". A write area at the address "03" is an area for writing 
a control signal. For example, the fourth bit is a current 
suppliability bit (1: permitted and 0: denied), and the eighth 
bit is a function enabled bit (1: enabled and 0: disabled). 
Initial values and the like are written at the other 
addresses . 

[0027] The electronic device 200 includes a crystal 
oscillator 27. A signal from the crystal oscillator 27 is 
supplied to an oscillator circuit 28, and the oscillator 
circuit 28 generates a clock signal for the internal 
operation. The clock signal is supplied to each circuit in 
the electronic device 200. A switch 29 prevents erroneous 
rewriting of data written in the flash memory 25. For 
example, when the power VCC is supplied to the electronic 
device 200, data writing is permitted. In contrast, when the 
electronic device 200 is connected to the ground side, data 
writing is prohibited. In this way, erroneous data writing is 
prevented. 

[0028] Contacts at the electronic device 200 side, which 
correspond to the contacts 102 and 108 of the main unit 100 to 
which the power VCC is supplied, are connected to each other 
to form a power supply of the electronic device 200. 
Specifically, a mid-node of the contacts which correspond to 
the contacts 102 and 108 is connected to the power supply VCC 
of each circuit in the electronic device 200. The power VCC 
is supplied to the add-on interface 23 and the memory 
interface 24 through power supply control circuits 23p and 
24p, respectively. The power supply control circuits 23p and 



24p are controlled in accordance with a value written in the 
register 21. 

[0029] Contacts at the electronic device 200 side, which 
correspond to the contacts 101 and 110 of the main unit 100 to 
which the power VSS is supplied, are connected to each other 
to form a ground of the electronic device 200. A contact 
which corresponds to the contact 105 is connected to the 
ground. In this state, an arbitrary potential is applied by 
the main unit 100 to the contact 105. When the electronic 
device 200 is inserted, the potential at the contact 105 
becomes a ground potential. By detecting a change in the 
potential at the contact 105, the main unit 100 can determine 
whether the electronic device 200 is inserted. 

[0030] Fig. 4 shows a case in which the electronic device 
200 performs a single function. Specifically, Fig. 4 shows 
Process A performed by the main unit 100 and Process B 
performed by the electronic device 200, which are performed 
until the single function is activated. In step Al, Process A 
reads a current value written in the register 21 in the 
electronic device 200. In step A2, it is determined whether 
the current value complies with specifications for the main 
unit 100. If the determination is negative. Process A 
determines in step A3 whether it is possible to supply a 
current . 

[0031] If the determination in step A3 is negative. Process 
A writes "power supply denied" (zero) in the fourth bit at the 
address "03" of the register 21 in the electronic device 200. 
In step A5, Process A notifies a user that the use of the 
electronic device 200 is denied. If it is determined in step 
A3 that it is possible to supply current, or if it is 
determined in step A2 that the current value complies with the 
specifications for the main unit 100, Process A writes, in 
step A6, "current supply permitted" (one) in the fourth bit at 



the address "03" of the register 21 in the electronic device 
200. 

[0032] In step Bl, Process B in Fig. 4 reads the fourth bit 
at the address "03" of the register 21. In step B2, Process B 
determines whether it is possible to supply current based on 
the value in the fourth bit. In other words, when the value 
in the fourth bit is one, Process B determines that it is 
possible to supply current. When the value in the fourth bit 
is zero, Process B determines that it is impossible to supply 
current. When the determination in step B2 is negative. 
Process B maintains the eighth bit at the address "03" of the 
register 21 as zero (function is disabled) , and the electronic 
device 200 is inoperative. 

[0033] In contrast, when Process B determines in step B2 
that it is possible to supply current, Process B writes, in 
step B4, "function is enabled" (one) in the eighth bit at the 
address "03" of the register 21. When Process A determines in 
step A7 that one is written in the eighth bit of the register 
21 (function is enabled) , Process A supplies, in step A8, a 
requested current in accordance with the current value read in 
step Al to the contacts 102 and 108 to which the power VCC is 
supplied and to the contacts 101 and 110 to which the power 
VSS is supplied. In step B5, the electronic device 200 starts 
operating . 

[0034] Referring to Fig. 5A, at the address "03" of the 
register 21, a current value requested by the electronic 
device 200 is written using a hexadecimal value in a read 
area. The value shown in Fig. 5A is "41" = 65 mA. When the 
main unit 100 can supply a current having this current value, 
as shown in Fig. 5B, one is written in the current 
suppliability bit (fourth bit) of a write area. When the 
current suppliability bit is checked and the function is 
enabled, as shown in Fig. 5C, one is written in the function 
enabled bit (eighth bit) of the write area. 



[0035] In this way, the current value requested by the 
electronic device 200 is detected by the main unit 100. When 
the current having the current value can be supplied from the 
main unit 100, the electronic device 200 starts executing the 
function. When the current having the current value cannot be 
supplied from the main unit 100, the function of the 
electronic device 200 is not executed. Accordingly, it is 
possible to prevent the consumption of an internal battery of 
the main unit 100 in a short period of time due to the 
excessive flow of current, to prevent a function from being 
disabled due to a reduction in the supply voltage, and to 
prevent damage to the main unit 100, which may result in the 
worst case. 

[0036] In this eirtoodiment, when the electronic device 200 
includes a plurality of functions, a requested current 
consumption varies according to the combination of functions. 
Referring to Fig. 6, for example, a memory function, a LAN 
connecting function, and a coiranunication function are 
provided. When each function is independently performed, 
current consumption is different for each function. When a 
combination of functions is performed, current consumption is 
different according to the combination. For example, when 
there are three types of functions, there are seven possible 
types of current consumption. 

[0037] There are cases in which it is possible to supply 
current and cases in which it is impossible to supply current 
according to the combination of functions. As shown in Fig. 
6, the memory function consumes a current of 65 raA. The LAN 
connecting function consumes a current of 120 mA. The 
communication function consumes a current of 7 0 mA. Fig. 6 
shows current consumption by combinations of these functions. 
When the maximum current value is 150 mA, it is possible to 
supply current when each function is performed separately and 
when a combination of the memory function and the 
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communication function are performed. When the other 

combinations of functions are performed, it is impossible to 
supply current. 

[0038] Fig. 7 shows a case in which the electronic device 
200 has a plurality of functions. Specifically, Fig. 7 shows 
Process A performed by the main unit 100 and Process B 
performed by the electronic device 200, which are performed 
until the functions of the electronic device 200 are 
activated. In step All, Process A switches the register 21 to 
an extended function. In step A12, Process A reads a current 
value written in the register 21 in the electronic device 200. 
In step A13, Process A determines whether the current value 
complies with the specifications for the main unit 100. 
[0039] When the determination in step A13 is negative. 
Process A determines, in step A14, whether it is possible to 
supply current. If the determination in step A14 is negative. 
Process A writes, in step A15, "current supply denied" (zero) 
in the fourth bit at the address "03" of the register 21 in 
the electronic device 200. In step A16, Process A notifies 
the user that the use of the extended function of the 
electronic device 200 is denied. In step A17, the main unit 
100 switches the electronic device 200 so that the electronic 
device 200 performs only a memory function. 

[0040] If Process A determines in step A14 that it is 
possible to supply current, or if Process A determines in step 
A13 that the current value complies with the specifications 
for the main unit 100, Process A writes, in step A18, "current 
supply permitted" (one) in the fourth bit at the address "03" 
of the register 21 in the electronic device 200. In step Bll, 
Process B reads the fourth bit at the address "03" of the 
register 21. In step B12, Process B determines whether it is 
possible to supply current in accordance with the value 
written in the fourth bit. Specifically, when the value in 
the fourth bit is one, it is possible to supply current. When 



the value in the fourth bit is zero, it is impossible to 
supply current. 

[0041] If Process B determines in step B12 that it is 
possible to supply current. Process B writes, in step B13, 
"function is enabled" (one) in the eighth bit at the address 
"03" of the register 21. When Process A determines, in step 
A19, that one is written in the eighth bit ("function is 
enabled"). Process A supplies, in step A20, a requested 
current in accordance with the current value read in step A12 
to the contacts 102 and 108 and contacts 101 and 110. In step 
B14, the electronic device 200 starts operating. 
[0042] When Process A determines in step A14 that it is 
impossible to supply current, Process A supplies, in step A21, 
a current in compliance with the specifications to the 
contacts 102 and 108 and to contacts 101 and 110. If Process 
B in step B12 determines that it is impossible to supply 
current. Process B maintains the eighth bit at the address 
"03" (the function is disabled) . In step B15, only the memory 
function of the electronic device 200 is activated. 
Accordingly, when the main unit 100 cannot supply current, 
only the memory function of the electronic device 200 is 
activated. 

[0043] When the main unit 100 determines the current value 
requested by the electronic device 200, and when the main unit 
100 can supply a current having the requested current value, 
the functions of the electronic device 200 are activated. In 
contrast, when the main unit 100 cannot supply a current 
having the current value, only the .function of the electronic 
device 200 that can be activated by the suppliable current is 
activated. In this way, it is possible to prevent the 
consumption of the internal battery of the main unit 100 in a 
short period of time due to the excessive flow of current, to 
prevent a function from being disabled due to a reduction in 
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the supply voltage, and to prevent damage to the main unit 
100, which may result in the worst case. 

[0044] In this embodiment, a register is provided with a 
necessary current consumption value for an electronic device. 
A main unit reads the value in the register and supplies 
electrical current in accordance with the value to the 
electronic device. Accordingly, it is possible to always 
supply a current having a current consumption value, and hence 
a desired function provided in the electronic device is 
smoothly executed. Even when current consumption increases, 
it is still possible to perform appropriate processing. 
[0045] Hitherto, when electronic devices with different 
current consumption values have been inserted into a main unit 
to be used, the internal battery may be exhausted in a short 
period of time due to the excessive flow of current. A 
function may be disabled due to a reduction in the supply 
voltage. In the worst case, damage may be caused to the main 
unit. In order to prevent these problems, the shape of the 
connecting section has been made different according to 
current consiimption. However, these measures fail to solve 
the foregoing problems. According to the present invention, 
the problems encountered with the conventional electronic 
device and the main unit are easily solved. 

[0046] In this embodiment, for example, when the value "00" 
= 0 mA, which is an impossible value as a current consumption 
value, is written in the read area at the address "03" in the 
register 21, the value is not used as a current supply value. 
Instead, current supply in accordance with specifications is 
performed. In this way, when an electronic device which does 
not have the address "03" is inserted, current in compliance 
with specifications is supplied. It is therefore possible to 
use an electronic device according to conventional 
specifications without changing it. Hence, the compatibility 
with a conventional electronic device is ensured. 
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[0047] In this embodiment, for example, the contact 104 is 
used for the add-on serial data input/output (SDIO) . In a 
conventional electronic device which only has a memory 
function in accordance with conventional specifications, the 
contact 104 is unused. In this case, the contact 104 is 
maintained at a high impedance until an arbitrary function is 
enabled. Only when the function is enabled does the contact 
104 become conductive. In this way, when the electronic 
device is inserted into a main unit which is dedicated for 
electronic devices having a conventional memory function, 
unnecessary current may not be caused to flow. 

[0048] Although the invention herein has been described 
with reference to particular embodiments, it is to be 
understood that these embodiments are merely illustrative of 
the principles and applications of the present invention. It 
is therefore to be understood that numerous modifications may 
be made to the illustrative embodiments and that other 
arrangements may be devised without departing from the spirit 
and scope of the present invention as defined by the appended 
claims . 



